Design: Cost-effectiveness analyses with a 9-month time horizon (18 weeks of intervention and 18 weeks of follow-up) within the randomised controlled multicentre PACT study.
Setting: Outpatient clinics of 7 hospitals in the Netherlands (1 academic and 6 general hospitals)
Participants: 204 patients with breast cancer and 33 with colon cancer undergoing adjuvant treatment including chemotherapy.
Intervention: Supervised 1-hour aerobic and resistance exercise (twice per week for 18 weeks) or usual care.
Main outcome measures:
Costs, quality-adjusted life years (QALY) and the incremental costeffectiveness ratio.
Results: For colon cancer, the cost-effectiveness analysis showed beneficial effects of the exercise intervention with incremental costs savings of €4321 and QALY improvements of 0.03. 100% of bootstrap simulations indicated that the intervention is dominant (ie, cheaper and more effective). For breast cancer, the results did not indicate that the exercise intervention was cost-effective. Incremental costs were €2912, and the incremental effect was 0.01 QALY. At a Dutch threshold value of €20 000 per QALY, the probability that the intervention is cost-effective was 2%.
Conclusions:
Our results suggest that the 18-week exercise programme was cost-effective for colon cancer, but not for breast cancer.
INTRODUCTION
As a result of improved diagnostics and treatment, survival rates of breast and colon cancer are rising. 1 Therefore, there is increasing focus on maintaining optimal health in these patients. Fatigue is one of the most common and distressing side effects of cancer and its treatment, and it can persist years after treatment has been completed. 2 3 Cancer-related fatigue has been reported to lead to decreased quality of life (QoL), decreased levels of activity and increased absence from work with associated production losses. 4 Several meta-analyses reported that exercise interventions beneficially affect cancerrelated fatigue. [5] [6] [7] Until now, however, exercise-oncology research has been mainly focused on efficacy or effectiveness, but little is known on the cost-effectiveness. 8 Since the
Strength and limitations of this study
▪ We assessed cost-effectiveness prospectively using a multicentre, randomised and pragmatic design. ▪ The cost-effectiveness analysis was performed from a societal perspective and entails all main costs for the intervention and usual care. ▪ Costs and effects during the intervention and up to 18 weeks after completing the exercise programme were included. ▪ About 50% of control group patients also reported high levels of physical activity, which may have led to an underestimation of the intervention effect. ▪ Positive intervention effects on fatigue are not necessarily reflected in higher quality of life.
number of cancer survivors is increasing and cancer care needs to be kept affordable, economic evaluations of effective interventions are of importance to guide decision-making. 9 So far, one randomised controlled trial (RCT) was conducted investigating the cost-effectiveness of a 6-month home-based exercise intervention in patients with breast cancer undergoing adjuvant treatment. 10 The authors reported a low probability that the intervention was cost-effective compared to a sham flexibility and relaxation programme. Mutrie et al 11 showed that patients treated for early-stage breast cancer who were randomised to a 12-week supervised exercise programme reported fewer nights in hospital and fewer visits to the general practitioner than controls, but no cost-effectiveness analysis (CEA) was performed. Hence, RCTs investigating the cost-effectiveness of supervised exercise programmes in patients with cancer during treatment are needed. 8 We designed the Physical Activity during Cancer Treatment (PACT) study to investigate the (cost-)effectiveness of an 18-week exercise intervention starting early after diagnosis of breast or colon cancer. 12 We hypothesised that an early start during treatment will lead to less increase in fatigue and a decrease in healthcare-related expenditure. Furthermore, we anticipated that early exercise programmes will lead to a reduction in the absence from work and related production loss and that such programmes will be cost-effective. We recently reported the effects of the PACT exercise programme: physical fatigue was significantly lower in patients with breast cancer and patients with colon cancer who were assigned to the programme compared to usual care. 13 14 Here, we report the economic evaluation.
METHODS
The design of the PACT study has been published elsewhere. 12 In short, the PACT study is a multicentre pragmatic 2-arm RCT. The intervention group received an 18-week aerobic and resistance exercise programme; and the control group received usual care. We performed an economic evaluation from the societal perspective.
Participants
Patients newly diagnosed with breast cancer or colon cancer and receiving adjuvant chemotherapy participated between 2010 and 2013. Inclusion criteria were histological diagnosis of cancer <6 (breast cancer) or 10 (colon cancer) weeks before recruitment; stage M0; scheduled for chemotherapy. Additional inclusion criteria were: age 25-75 years; not treated for cancer in the 5 years preceding recruitment (except basal skin cancer); able to read and understand the Dutch language; Karnofsky Performance Status≥60; able to walk ≥100 m; no contraindications for physical activity. The study has been approved by the Institutional Review Board of the University Medical Center Utrecht and the local Review Boards of the participating hospitals. Written informed consent has been obtained from all patients.
Randomisation procedure
Concealed randomisation of patients was stratified per tumour site (breast or colon) by the sequential balancing method. The following characteristics were balanced: age (25-40, 40-65 and 65-75 years), adjuvant treatment (radiotherapy yes/no); using a tissue expander (yes/no (breast cancer)), hospital and gender (colon cancer).
Exercise intervention
The 18-week exercise programme was offered at seven outpatient clinics of hospitals in the Netherlands, twice weekly. The programme was individualised to the patient's personal preferences and fitness level. The 1-hour exercise classes included a warming up (5 min), aerobic and muscle strength training (50 min) and a cooling down (5 min). In addition to the supervised exercise programme, patients were recommended to be physically active for at least 30 min a day on at least three other days. 15 More details of the programme have been described elsewhere.
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Control group Participants randomised to control received usual care and were asked to maintain their habitual physical activity pattern up to week 18. Thereafter, participants were allowed, for ethical reasons, to participate in exercise programmes offered routinely after cancer treatment.
Measurements
Participants visited the study centre for outcome assessment at baseline, postintervention (18 weeks) and at 36 weeks. Participants filled out diaries (on paper) once a week to assess health services usage, use of complementary medicine, absence from work, domestic help, out-of-pocket costs, travel expenses of the corresponding week. Patients returned the first diary at 18 weeks and received a second diary for the following 18 weeks. Since some effects may only occur in the long term, 8 the present CEA covers the total 36-week study period.
Economic evaluation Costs
Since the time frame was <1 year, no discounting was performed. Missing cost data were imputed per cost component with single imputation, using the Markov chain Monte Carlo (MCMC) method taking into account all other cost information, as well as tumour type, age, gender and randomisation group.
Volumes of resources used
Productivity losses (related to being absent at work and being less productive while working) were measured every 4 weeks using the Short Form-Health and Labour questionnaire (SF-HLQ), 16 which was included in the patients' diary.
Data on cancer therapy (ie, chemotherapy, immunotherapy, hormone therapy, radiotherapy) were obtained from medical records.
Cost prices
We used price levels of 2011 and indexed prices where necessary using the consumer price index from Statistics Netherlands.
17 A detailed description of cost prices is given in online supplementary file 1.
Physical exercise intervention costs
For the intervention group, the volume of PACT sessions was derived from attendance registration. The costs of the PACT intervention were calculated with the bottom-up microcosting method. First, the physiotherapist wage costs were determined according to the Dutch guidelines for cost research. 18 Income was assessed from the hospitals' collective bargaining agreement. The remaining costs (eg, room rental, overhead, equipment depreciation) were based on agreements between the hospitals and the research group and are estimated at €4.50 per session. Costs for one session were €55.00. These costs per session were divided by the mean number of patients present per session (2.5) resulting in a cost price per patient per session (€22.18). Costs of the individual intake session were estimated at 75% (45 min instead of 60) of the cost price of the regular PACT sessions (€41.25).
Utilities and quality-adjusted life-years
The EQ-5D 19 was included in the patients' diary and assessed every 4 weeks. We used the Dutch EQ-5D tariff to convert the patients' health status into a utility value. 20 Quality-adjusted life years (QALYs) were calculated, using an area under the curve method for the total observation period of 36 weeks, as the sum of the average QoL score within 9 observation periods of 4 weeks, each multiplied by 28/365.25 (4 weeks). To accommodate for differences in baseline QoL (baseline EQ5D score), adjusted QALYs were calculated over the 36-week observation period, following a regression analysis-based method as proposed by Manca et al.
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These adjusted QALYs were used as effect measure in all cost-effectiveness calculations.
Missing QoL scores were imputed with the single imputation method, using the MCMC method taking into account QoL scores from other time points, as well as tumour type, age, gender and randomisation group.
Statistical analysis
Intention to treat analyses was performed separately for breast cancer and colon cancer in order to address sitespecific issues (eg, differences in treatment). Baseline characteristics of patients with and without cost data were compared with an independent t-test for normally distributed data, the Mann-Whitney U test for nonparametric data and the Pearson's χ 2 test for categorical data.
The incremental cost-effectiveness ratio (ICER) was calculated as the difference in costs divided by the difference in QALYs between the intervention and control groups using a bootstrap analysis with 5000 simulations. From the bootstrap analysis, a cost-effectiveness plane was produced, each quadrant indicating whether the intervention is more or less expensive and more or less effective compared to usual care. Moreover, costeffectiveness acceptability curves (CEACs) are presented to illustrate decision uncertainty. 22 The CEAC shows the probability that the exercise intervention is cost-effective compared to usual care, for a range of threshold values for willingness to pay (λ) per additional QALY. In the Netherlands, threshold values of €20 000 to €80 000 per QALY are commonly used. 23 
Sensitivity analysis
In the current population, cancer treatment is the largest cost component. Since, for patients with breast cancer, tumour receptor status was differently distributed between the intervention and control groups, which influences treatment costs, we performed sensitivity analyses excluding radiotherapy and cancer therapy from the analyses. Furthermore, we performed sensitivity analysis excluding patients with Her2Neu+tumour, who were more often randomised to the intervention and who received a relative expensive and long-term immunotherapy treatment.
The cost-(effectiveness) was also calculated from a healthcare perspective, excluding all non-healthcare costs, such as productivity losses, out-of-pocket costs of patients and unpaid home help. Since costs for the PACT intervention only affect the intervention group, a deviation in the cost price might have a large effect on the incremental costs. Therefore, we examined the effect of an increase and a decrease of 50% of intervention costs.
RESULTS
For the economic analysis, data of 194 (82%) patients from the PACT study were available (see online supplementary figure 1). [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . For two patients, detailed information about radiotherapy was missing, once because of incomplete data in the patient record and once because the patient denied access to medical records.
Baseline characteristics were similar between treatment arms, with the exception that patients with breast cancer in the intervention group were higher educated, more often postmenopausal and more often diagnosed with a triple negative tumour (table 1) .
Patients with breast cancer and colon cancer in the intervention group attended 83% (IQR 69-91%) and 89% (72-97%) of the offered exercise classes, respectively. Table 2 
Costs
work were lower in the intervention group compared to control, while costs for the exercise intervention and domestic help were higher. The incremental cost difference between groups was €4305.
EQ5D scores
For patients with breast cancer, differences in average EQ5D scores during the 18-week intervention period in the intervention and control groups were comparable (mean difference 0.001 (−0.04 to 0.04)), and during the 18-week follow-up differences in average EQ5D scores were 0.02 (−0.03 to 0.06) higher in the intervention group. Differences in average EQ5D scores over the 36-week study period were not different between the intervention and control groups (0.01 (95% CI −0.02 to 0.03) and 0.01 (−0.02 to 0.02) after adjustment for differences in the baseline EQ5D score, table 3). Differences in average EQ5D scores of patients with colon cancer in the intervention group, compared to the control group, were 0.02 (−0.06 to 0.11) and 0.11 (0.03 to 0.18) higher during the 18-week intervention period and the following 18 weeks, respectively. The total incremental effect for patients with colon cancer was 0.04 (−0.01 to 0.09). Adjustment for differences in the baseline EQ5D score diminished the difference between intervention groups to 0.03 (−0.01 to 0.06).
Economic analyses
For patients with breast cancer, bootstrapping revealed incremental costs (cost difference between groups) of €2912 and an incremental effect of 0.01; therefore, the ICER was €403.394/QALY. From the bootstrap analysis (figure 1), it appeared that almost all simulations showed higher costs for the intervention, with small positive or negative QALY differences between intervention and control. Figure 2 shows that if society is willing to pay (WTP) either €20 000 or €80 000 per additional QALY, the probability that the intervention would be cost-effective for patients with breast cancer is 2% and 6%, respectively.
For patients with colon cancer, the incremental cost savings were €4321 and the incremental effectiveness of the PACT intervention compared to control was 0.03 QALYs. This implies that the PACT intervention dominates usual care, as it generates lower costs and better effects. All 5000 bootstrap samples indicate that the intervention is dominant for patients with colon cancer (figure 1). Since the probability of acceptance at a certain WTP cannot be lower than the percentage of simulations indicating dominance, the probability that the intervention is cost-effective is 100% at every level of WTP. Table 3 Mean health-related quality of life during the 18-week intervention period and 18-week follow-up and the QALYs by cancer type and group allocation Intervention (mean (SD)) Control (mean (SD))
Mean difference (95% CI) n=87 n=78
Breast cancer EQ-5D score 
Sensitivity analyses
Results of all sensitivity analyses were similar to results of the baseline analysis (table 4) .
DISCUSSION
The present study indicates that for patients with colon cancer, the 18-week exercise intervention starting as soon as possible after diagnosis was less costly and more effective. As anticipated, the intervention group had a lower healthcare usage and reported less hours of absence from work compared to usual care. The probability that the intervention is cost-effective was 100% at every level of WTP for a QALY. Patients with breast cancer who were randomised to the exercise intervention incurred higher costs and no apparent effects on QoL. For patients with breast cancer, the probability of being cost-effective was low, even at a relatively high threshold value of €80 000 per QALY (6%). Economic evaluations of exercise-oncology interventions are scarce, and different interventions were assessed. 8 One RCT investigated the cost-effectiveness of an exercise programme during adjuvant treatment for breast cancer, but the interventions were not comparable. 10 This study, comparing a 6-month home-based exercise programme to flexibility training during any adjuvant treatment, reported that the intervention was not cost-effective. Another randomised trial did not perform a CEA, but reported that patients with breast cancer who participated in a 12-week supervised exercise programme reported less nights in hospital and less visits to their general practitioner compared to usual care. 11 We cannot confirm this finding in our study where we found no substantial differences in number of hospital days and caregiver consults. Mewes et al 24 performed a CEA of a 12-week home-based exercise programme using data of an RCT including patients with breast cancer after primary treatment with menopausal symptoms. The incremental cost-utility ratio was €28 078/QALY, which is considerably lower than our findings. This might be explained by the difference in setting, that is, during versus after primary cancer treatment. Moreover, costs were estimated instead of assessed at an individual basis as was performed in the PACT study.
For colon cancer, there is no CEA published for exercise interventions. In our study, intervention patients reported less hospital days compared to the usual care group. This was also noticed in the study of Mutrie et al. 11 However, we observed a comparable number of caregiver consults in the intervention and control groups.
Even after correction for baseline differences, we found larger benefits from the intervention in patients Figure 1 Cost-effectiveness plane from 5000 bootstrap simulations for the PACT intervention compared to usual care, separately for patients with breast cancer and colon cancer. PACT, physical activity during cancer treatment. Figure 2 Cost-effectiveness acceptability curve of the PACT intervention compared to usual care, for patients with breast cancer. Note that the intervention is dominant for patients with colon cancer. Therefore, generation of a cost-effectiveness acceptability curve became redundant. ICER, incremental cost-effectiveness ratio; PACT, physical activity during cancer treatment.
with colon cancer than in those with breast cancer. Since patients with colon cancer were recruited in the same period and in the same hospitals and study centres, differences cannot be explained by a difference in setting. Also, for physical fatigue and physical fitness, we found larger effects in patients with colon cancer 14 than in those with breast cancer. 13 This may partly explain the beneficial economic evaluation in patients with colon cancer. Surgery in colon cancer is on average more extensive compared to breast cancer surgery, so maybe exercise is more effective because it supports recovery and there is more room for improvement in colon cancer. Another speculation is that chemotherapy given for colon cancer has less effect on fatigue levels in patients and therefore larger improvements are possible. Also, while 71% of our patients with breast cancer received radiotherapy, those with colon cancer did not. Radiotherapy may also increase fatigue levels. 25 In the PACT study, physical and general fatigue levels increased during chemotherapy in patients with breast cancer of the intervention group, 13 whereas general fatigue remained stable and physical fatigue already decreased significantly during the intervention in patients with colon cancer.
14 However, it should be noted that we were able to include only 29 patients with colon cancer in our study and the results need to be confirmed in a larger study.
Interestingly, costs for paid and unpaid domestic help were higher for breast cancer and colon cancer in the intervention group compared to control. Reasons for this might be that the intervention caused less time left for domestic tasks and/or that family and friends were supporting patients to be able to participate in the time-consuming and physically demanding exercise programme.
In a CEA, QoL (assessed by the EQ-5D) is typically used as a measure of effectiveness, whereas the PACT exercise intervention was designed to prevent fatigue symptoms. Effects on QoL have rarely been reported when evaluating exercise interventions during cancer treatment, but beneficial effects on fatigue were found in the PACT study and other studies. 13 14 26-28 Apparently, these positive effects on fatigue are not reflected in higher QoL as measured by EQ-5D, at least not for breast cancer.
The strength of this study is its multicentre, randomised and pragmatic design. Compared to an explanatory trial, a pragmatic trial better reflects usual daily conditions and is therefore more suitable for providing input for clinical and policy decision-making. 29 Furthermore, the CEA was performed from a societal perspective and entails all main costs for the intervention and usual care. Moreover, we included costs and effects during the intervention and up to 18 weeks after completing the exercise programme.
The study also has limitations. First, owing to the nature of the intervention, the patients were not blinded and about 50% of control groups of patients with breast and patients with colon cancer also reported high levels of physical activity, which may have led to an underestimation of the intervention effect. Second, we used diaries to assess costs. Using administrative data would have been an alternative; however, there is no complete registry of all cost data available in the Netherlands. Finally, not all patients were included in the CEA due to missing diaries. However, those who dropped out were not different in terms of demographic and medical background.
Our results indicate that physical exercise could be cost-effective for colon cancer. However, the limited study population may have caused a false-positive result and replication is needed. For breast cancer, costs were higher in the intervention group. Since 30% of these costs could be contributed to the exercise programme, it might be worthwhile to look for possibilities to lower programme costs, for example, by offering the exercise programme to larger groups and in, for example, community centres instead of hospitals.
In conclusion, our results suggest that the 18-week exercise programme was cost-effective for colon cancer, but not for breast cancer.
